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Abstract: The olive is one of the most important crops of the Mediterranean region. Ninety-eight percent of the world’s olive production
occurs in this region. However, pest control is a major concern of olive growers, and the olive fruit fly is one of the major economic
pests. The aim of this research was to observe their population, infestation rates, and effect on the quality of olive oil. This research
included 14 olive groves within 2 different locations. To determine the population dynamics of adult olive fruit flies, 6 yellow sticky
traps were placed haphazardly within the tree canopies (approximately 1.5 m in height) of each olive grove between the months of July
and December during 2015 and 2016. Results showed that the infestation rate decreases when relative humidity increases (Pearson
correlation: –0.597; P = 0.01). On the other hand, negative weak correlation was observed between the altitude and infestation rate
(Pearson correlation: –0.206; P = 0.01). Interestingly, positive moderate correlation was determined between average temperature and
infestation rate (Pearson correlation: +0.523; P = 0.01). As expected, positive moderate to high correlation (Pearson correlation: +0.735;
P = 0.01) was determined between the olive fruit fly infestation rate and oil/acid ratio. This research is the first comprehensive study of
olive fruit fly population dynamics and provides valuable information of its ecology within the Mediterranean climate.
Key words: Bactrocera, Cyprus, damage, fruit infestation, olive oil quality, population

1. Introduction
Olive tree (Olea europaea L.) is a member of the family
Oleaceae, which is reported to have originated in
Mesopotamia (including Southeast Anatolia) (Sakar
and Ünver, 2016). Today, olive and olive oil productions
are important elements of the Mediterranean cuisine
(Delgado-Pertinez et al., 2000; Owen et al., 2000; Ercişli
et al., 2011). Olive fruits are traditionally known to the
beneficial for human health and are either consumed as
oil or table olives (Medeiros, 2001). Ninety-eight percent
of the world’s olive trees are situated in the Mediterranean
region (Öztürk et al., 2009). Historically, the islands of
Cyprus and Crete are known as the origins of olives (Tozlu,
2007). Although many old cultivars are still cultivated
to some extent in Northern Cyprus, the most cultivated
cultivar is the local variety for both oil and table olives,
and cultivar Gemlik is also being produced (Tozlu et al.,
2011). Olive trees can host many different insects, both
pest and beneficial. Olive fruit fly (Bactrocera oleae Gmel.)
(Diptera; Tephritidae) is a key pest of olive fruit, and if not
adequately controlled, extensive crop losses may reach

as high as 80% in oil-producing areas and 100% in areas
growing table olive varieties (Tabic et al., 2011). Recent
research in southern Crete during 2006 analyzed the effect
of olive fruit fly infestation on olive oil acidity in an organic
olive orchard using McPhail traps. This research showed
that infestation rates were the lowest and not significantly
different during July, August, and September; however,
although the means for October and November were
significantly higher than those for July, the infestation rates
were still very low at 3.6% and 3.1%, respectively (Volakakis
et al., 2008). In 2008, additional research on olive fruit fly
control using OLIPE traps in Israel compared the efficiency
of the homemade OLIPE trap with a commercial Fruitect
trap at 11 locations in Jordan, Israel, and Palestine, and
the presence of the olive flies and infestation levels were
compared. The nonsignificant influence found between
the 2 traps for all of the parameters measured could have
resulted from the small plots, variability among study sites,
low infestation levels, or actual trap inefficiency (Tabic et
al., 2011). In the Adana region of Turkey, Bozbuğa and
Ulusoy (2008) conducted studies to determine population
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dynamics and the infestation rate of olive fruit fly in 4
different olive groves during 2006 and 2007. Yellow sticky
traps and McPhail lure traps were used in 4 selected olive
groves for this research. The olive fruit fly population
achieved 3–4 peaks throughout the year, but the olive fruit
fly population did not reach a high population in Adana,
Turkey. The reason for the low population was probably
the presence of natural enemies in the orchards, cultural
applications (plowing), high temperatures, lack of delay in
olive harvest, and even an early harvest. It was observed
that the number of captured adult olive fruit flies in
McPhail traps was 5–6 times less when compared with
other traps that were used in this study. In addition, the
puncture rate reached 4.3%, and the damage rate was low.
Although there are some studies on olive groves
and insect biodiversity, there is currently no published
research on olive fruit fly populations in Northern Cyprus
(Özden and Hodsgon, 2016). On the other hand, effects of
temperature and altitude on the population and infestation
rate of the olive fruit fly were not clearly studied before.
Therefore, it was decided to study the adult population of
olive fruit fly using yellow sticky traps in the Güzelyurt and
Girne regions of Northern Cyprus during the 2015 and
2016 seasons. The aim of this research was to determine
olive fruit fly population fluctuations, olive fruit infestation
rates, and the effect of olive fruit fly on olive oil quality in
Northern Cyprus.
2. Materials and methods
This research was performed in 2015 and 2016 to discover
the olive fruit fly population dynamics in 2 regions

[Güzelyurt (8 groves) and Girne (6 groves)]. The most
common variety was Gemlik olive with other varieties
being less common (as shown in Table 1). Yellow sticky
traps were used for catching active adult flies. To determine
the population dynamics of olive fruit fly adults, the yellow
sticky traps were placed during the last week of July in both
years in the groves of the Güzelyurt and Girne provinces.
The traps were placed approximately 5 m apart on the trees,
and each trap was positioned on the southeastern side of
the tree 1.5 m from the ground. Each trap was checked,
collected, and replaced weekly. The traps were then taken
to the laboratory for olive fruit fly counting and for sex
determination.
The traps were placed between July and December
in each year. Olive grove infestation rates were also
determined, and for this purpose, when the olive fruits
were mature, 250 olive fruits per tree were randomly
selected from each grove. Then the fruits were cleaned
with vinegar and water and the percentage damage ratio
was calculated by proportioning the number of infected
fruits to the uninfected fruits, and the infestation rates
were determined.
Thus, the effect of temperature, varieties, regions,
and altitudes on the infestation rate of olive fruit fly was
compared using ANOVA and t-tests and mean separations
were performed with Duncan’s multiple range tests with
SPSS 20.0.
During this research, climatic data were obtained from
local meteorology stations (as shown in Table 2). The olive
fruit fly causes significant losses in the product and olive
oil quality due to the damage in table and oil varieties. To

Table 1. Some characteristics of the experimental orchards located in Northern Cyprus.
No.

Location

Producer name

Orchard size
(ha)

Amount
of trees

Ages of
trees

Variety

1

Kalkanlı

Erten Kurnaz

0.2

43

100

Cyprus Local

2

Kalkanlı

Arife Kandulu

1.07

420

15

Gemlik

3

Serhatköy

Ali Kankoru

1.34

450

16

Koroneiki

4

Zümrütköy

Ümit Zeki

0.2

85

21

Gemlik

5

Doğancı

Hasan Ergel

0.67

182

21

Gemlik

6

Yeşilyurt

Erkin Bilgin

0.27

90

12

Gemlik

7

Çamlıköy

Hüseyin Mahmutoğlu

0.8

90

250

Cyprus Local

8

Lefke

Ziya Sezey

2.14

900

16

Pikual

9

Akdeniz

Serhat Usanmaz

3.34

2400

4

Koroneiki

10

Geçitköy

Talip Sancar

2.14

380

16

Gemlik

11

Lapta

Ufuk Hacıelmas

0.2

18

50

Cyprus Local

12

Lapta

Andaç Kireçci

0.34

33

60

Cyprus Local

13

Zeytinlik

İrfan Candemir

0.67

52

80

Cyprus Local

14

Karakum

Tanser Nizam

0.27

20

84

Cyprus Local
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Table 2. Average relative humidity and temperature of the study regions in 2015 and 2016.
2016

2015
Regions

Güzelyurt

Girne

Months

Monthly average
temperature (°C)

Monthly relative
humidity (%)

Monthly average
temperature (°C)

Monthly relative
humidity (%)

August

28.2

61.7

27.7

66.4

September

25.7

67.3

24.8

61.6

October

21.8

69.2

21.6

61.6

November

16.4

61.6

15.9

61.2

December

11.6

70.1

10.4

75

August

29.8

57.1

29.4

60.3

September

27.7

60.4

27.1

55.1

October

24.1

60.7

23.9

56.8

November

19.7

54.9

18.7

54.1

December

14.8

58.7

13

62.6

measure the olive oil quality, after the first year’s harvest,
0.5 L of olive oil was collected from each orchard and then
analyzed in the laboratory of the Ministry of Agriculture
and Natural Resources in Lefkoşa.
3. Results
According to the results, the highest infestation rate was
found in Çamlıköy in 2015 and 2016. The second highest
infestation rate was found in Yeşilyurt in 2015 and Doğancı
in 2016 from the Güzelyurt region. Girne results showed
that the highest infestation rate occurs in Lapta1 orchard
in 2015 and 2016, whereas the second highest infestation
rate was found in Karakum in 2015 and in Akdeniz in
2016. During this research, the highest infestation rate
was found when the temperature was above 20 °C and it
decreased when the temperature was below 15 °C. At <15
°C and 15–20 °C, the highest infestation rate was found on
the Cyprus local variety at 7.4% and 39.33%, respectively,
whereas Koroneiki was highly infested above 20 °C with
72% infestation rate. In evaluation of correlation between
the infestation rate and average temperature, orchard
altitude, relative humidity, a significant correlation was
determined in all 3 circumstances.
The significant positive correlation between average
temperature and infested fruits was moderate (Pearson
correlation: +0.523; P = 0.01). This means that when
temperature increases, the infestation rate increases
moderately. A significant negative correlation between
relative humidity and infestation rate was detected as
moderate.
The infestation rate decreases when relative humidity
increases (Pearson correlation: –0.597; P = 0.01).Thus,
a negative weak correlation was measured between the

altitude and infestation rate (Pearson correlation: –0.206;
P = 0.01). In addition, olive oil samples were taken in 2015
from the trapped olive orchards to determine the oil/acid
ratio, but the oil acidity research was not possible to repeat
in 2016 due to farmers’ decisions. As described above,
pest populations showed significant differences among
orchards according to altitude, humidity, and temperature.
As an overall average, the lowest female pest population in
the Güzelyurt region was measured in Zümrütköy at 6.0
(#/traps) and the highest population was recorded from
Lefke at 55.0 (#/traps). In the Girne region, the lowest
female pest population was recorded in Geçitköy at 17.66
(#/traps) and the highest population was counted from
Karakum at 157.66 (#/traps). The lowest and highest male
pest populations in both the Girne and Güzelyurt regions
were noted from the same orchards (as shown in Table 3).
Results show that the infestation rate of the olive
fruits has significant differences among orchards in both
Güzelyurt and Girne (as shown in Table 3 and the Figure).
Orchards in the Güzelyurt region were found to have lower
infestation rates than the orchards in the Girne region. In
the Güzelyurt region, the orchard in Çamlıköy village had
the highest infestation rate in both 2015 and 2016 at 8.4%
and 48.4%, respectively. Similarly, the Lapta 1 orchard was
determined to have the highest infestation rate in both
years with an average of 79.4%.
The adult female population was also high in both
orchards. In both orchards, the Cyprus local variety was
being produced, which is harvested in October. On the
other hand, the adult female population of the olive fruit
fly was found to be higher in orchards with an average air
temperature above 20 °C (as shown in Table 4). Results
suggest that the adult female population and percent
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Table 3. Infestation rates and male and female populations of olive fruit fly in surveyed orchards. Values followed by different letters are
significantly different.

Regions

Güzelyurt

Girne

Orchards

Percent (%) infestation

Male population (#/traps)

Female population (#/traps)

2015

2015

2015

2016

Average

2016

Average

2016

Average

Kalkanlı 1

6.4 f–g

11.6 g

9.0 g–h

9.33 i

15.16 i

12.25 e

17.83 h

18.83 h

18.33 de

Kalkanlı 2

2.0 g

14.0 g

8.0 g–h

27.83 g

15.0 i

21.41 e

45.83 ef

22.83 g

34.33 cd

Serhatköy

2.0 g

23.2 f

12.6 e–g

9.16 i

27.0 g

18.08 e

15.16 i

32.5 f

23.83 de

Zümrütköy

2.0 g

5.2 h

3.6 i

2.5 j

11.33 j

6.9 e

2.3 k

9.6 jk

6.0 e

Doğancı

4.4 f–g

29.2 e

16.8 e

25.66 g

4.6 k

15.16 e

25.16 g

3.6 l

14.41 de

Yeşilyurt

8.0 e–f

20.8 f

14.4 e–f

11.0 i

41.16 f

26.08 e

8.8 j

13.33 i

11.08 de

Çamlıköy

8.4 e–f

48.4 c

28.4 d

26.5 g

5.0 k

15.75 e

47.0 e

8.33 k

27.66 de

Lefke

4.4 f–g

10.8 g

7.6 h–i

50.16 e

246.16 a

154.66 ab 44.33 f

65.66 e

55.0 c

Akdeniz

8.0 e–f

72.0 b

40.0 c

37.16 f

2.8 l

20.0 e

55.5

33.16 c–e

55.5 d

Geçitköy

17.2 d

4.4 h

10.8 f–h

18.33 h

18.83 h

18.58 e

17.0 hi

18.33 h

17.66 de

Lapta 1

75.6 a

83.2 a

79.4 a

50.16 e

75.33 e

62.75 d

54.83 d

131.66 b

93.25 b

Lapta 2

12.0 e

11.6 g

11.8 f–h

110.33 c

124.0 b

117.16 c

127.83 c

145.5 a

136.66 a

Zeytinlik

28.0 c

44.4 d

36.2 c

168.16 b

89.83 d

129.0 bc

166.83 b

120.3 c

143.58 a

Karakum

60.4 b

50.4 c

55.4 b

256.33 a

109.16 c

182.75 a

246.83 a

68.5 d

157.66 a

Figure. Average infestation rate (%) and average female olive fruit fly populations (#/traps) for the 14 tested orchards.

infestation rate have a correlation, but the average air
temperature also has an influence on the infestation rate.
Thus, the correlation between the adult female
population and infestation rate was found to be moderate
due to the reduction in the mobility and feeding of olive
fruit fly in higher air temperatures. Harvesting period

also significantly influences the percent infestation rates
of olives caused by olive fruit fly. The Koroneiki variety
is harvested in January, which causes an increase in the
percent infestation rate, while the adult female population
is low. As expected, positive moderate to high correlation
(Pearson correlation: +0.735; P = 0.01) was determined
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Table 4. Changes in the infestation rates and male and female populations of olive fruit fly in surveyed orchards according to average air
temperatures in 2015, 2016, and overall average. Values followed by different letters are significantly different.
Percent of infestation

Male population

Female population

Varieties /
temperature

<15 °C

15–20 °C

20+ °C

<15 °C

15–20 °C

20+ °C

<15 °C

15–20 °C

20+ °C

Cyprus local

7.4% a

39.33% a

47.4% b

17.91 b

100.86 b

99.58 a

32.41 ab

103.9 a

116.5 a

Gemlik

4.1% b

17.28% b

4.4% c

16.75 b

18.1 c

18.83 b

20.54 bc

13.30 c

18.33 b

Pikual

4.4% b

10.8% c

-

63.16 a

246.16 a

-

44.33 a

65.66 ab

-

Koroneiki

2% b

15.6% b

72.0% a

9.16 b

32.08 c

2.83 b

15.16 c

44.0 bc

10.83 b

among the olive fruit fly infestation rate and oil/acid ratio.
The lowest acid ratio was measured from the Kalkanlı 2
orchard with 0.8% acidity, where the infestation ratio was
only 2%, and the highest acid ratio was measured from
the Lapta 1 orchard with 5.6%, where the infestation rate
was 75.6%.
4. Discussion
To date, there is no published research on olive fruit fly
populations and the infestation rate. The effect of olive fruit
flies on olive oil quality in Northern Cyprus exists. During
this research, population dynamics, determination of the
effect of olive fruit fly on olive oil quality, and infestation
rate were investigated. Results of the present study
showed that insect populations considerably affected the
infestation rate, but after a certain point, the infestation
rate stabilized.
Not only the insect population but also other
environmental factors had significant influences on the
infestation rate. An adult olive fruit fly is active between
20 °C and 30 °C, but above these temperatures the flies
move frantically and oviposition is thereby inhibited, and
above 35 °C activity ceases (Wang et al., 2009).
The research results showed that the regional climatic
conditions of the island affect population levels. The
population of adult females and the infestation rate
increased above 20 °C. The results showed that the air
temperature affected population levels of olive fruit fly and
infestation ratio. The information of Perović and Hrnčić
(2013) supports these findings, where they noted that
higher air temperature cause fruits to lose moisture and
shrivel, which makes fruits not suitable for oviposition. In
addition to this, the olive variety and harvesting time also

affected both population dynamics and infestation rates.
Positive correlation was determined between the monthly
average temperature and infestation rate (Pearson
correlation: +0.523; P = 0.01).
Results also showed that the infestation rate decreased
with increase in relative humidity (Pearson correlation:
–0.597; P = 0.01). Similarly, Tsitsipis and Abatzis (1980)
reported that lower humidity caused an increase in the
population of Bactrocera oleae at 20 °C air temperature.
On the other hand, a weak negative correlation was
observed between the altitude and infestation rate
(Pearson correlation: –0.206; P = 0.01).
Topuz and Durmuşoğlu (2008) found that the adult
population of olive fruit fly was low in July and August
and reached the highest level at the end of the October.
The infestation rate was observed parallel to the adult
population densities.
As expected, positive moderate to high correlation
(Pearson correlation: +0.735; P = 0.01) was determined
between the olive fruit fly infestation rate and the oil/
acid ratio. The results of this research are the first
comprehensive data for Cyprus and provide a baseline for
further studies.
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